Osteoporosis and abnormal bone metabolism may prove to be significant factors influencing the outcome of arthroplasty surgery, predisposing to complications of aseptic loosening and peri-prosthetic fracture. We aimed to investigate baseline bone mineral density (BMD) and bone turnover in patients about to undergo arthroplasty of the hip and knee.
Introduction
The ninth annual report of the National Joint Registry for England and Wales reports that 71 672 primary total hip replacements (THRs) and 79 516 primary total knee replacements (TKRs) were performed in England and Wales in 2011. 1 The available evidence suggests that the rate of hip and knee arthroplasty is set to increase in the United Kingdom, 2 with significant cost implications for the NHS. Revision arthroplasty surgery has a poorer clinical outcome than primary joint surgery 3 and is more costly. 4 Between 2007 and 2011, the number of revision hip arthroplasties in England and Wales increased by 22.9%. 1 Efforts to reduce the risk of arthroplasty failure are therefore urgently needed.
Much of the research in joint replacement surgery to date has focussed on implants and relatively little has focussed on the quality of bone into which the implants are inserted. The most common cause of revision arthroplasty is aseptic loosening, 1 occurring when periprosthetic bone undergoes resorption. In 2011, aseptic loosening and lysis accounted for 55% of revision hip arthroplasties and 45% of revision knee arthroplasties in England and Wales. 1 The authors feel that low bone mineral density (BMD) must be a risk factor for aseptic loosening. The loss of peri-prosthetic bone after arthroplasty of the hip and knee has been shown to adversely influence the longevity of implants. [5] [6] [7] Despite this, bone quality is not routinely investigated during pre-operative planning in the United Kingdom.
The association between osteoarthritis and osteoporosis has been studied, with conflicting results. Although early studies suggested bone mass is increased in patients with OA, 8, 9 more recent cohort studies have suggested that there is in fact an increased risk of a fragility fracture in patients with OA. [10] [11] [12] We have recently demonstrated in a retrospective population-based study of 41 995 patients that the use of bisphosphonates, which prevent bone resorption, significantly reduces the rates of revision surgery. 13 In this study, which is part of the Clinical Outcomes in Arthroplasty Study (COASt), we have sought to prospectively characterise the bone quality of a cohort of patients awaiting primary and revision total hip and knee arthroplasty, and determine the prevalence of osteoporosis in the arthroplasty population. We recruited 194 patients listed for total hip or knee arthroplasty to measure BMD and levels of the bone turnover marker deoxypyridinoline (DPD).
Materials and Methods
Regional ethics committee approval was obtained prior to study commencement and all patients gave informed written consent. A total of 194 consecutive patients awaiting THR, TKR and planned revision THR and TKR were recruited prospectively from the orthopaedic outpatients department. Exclusion criteria were age < 40 years (those below 40 years would not be representative of the general arthroplasty population) and metalon-metal revisions (owing to their atypical age and indications for revision).
14 Each patient completed a questionnaire recording demographic data, past medical history and drug history. Body mass index (BMI) was measured and recorded during a clinic visit. Bone mineral density. BMD was measured using dual energy x-ray absorptiometry (DEXA) using the Hologic DEXA system (Hologic, Waltham, Massachusetts). Preoperative scans of the hip and spine were performed using the manufacturers' recommended settings and patient positioning. The contralateral hip was scanned in normal scan mode on fast array (coefficient of variation 1%) as well as AP Spine (fast array) and whole body scan. Results were expressed as total hip and spine BMD, TScore and Z-Score according to the criteria of the World Health Organization (WHO 15 ). T-score represents the number of standard deviations from the mean young adult's BMD, and Z-score represents the number of standard deviations from the age matched mean BMD. Where study subjects were found to be osteoporotic, their general practitioner was informed of the result. Urinary deoxypyridinoline. DPD is a cross link for mature type I collagen, which is specific to bone. It is released into the circulation during the bone resorption process. It is unaffected by diet 16 and is excreted unmetabolised in the urine, making it a sensitive and specific marker of bone resorption in osteoporosis and other metabolic bone diseases. 17 The reference ranges for urinary DPD (normalised to creatinine level) have been established 18 for adults aged > 25 years by a commonly available enzyme immunoassay Pyrilinks-D (Metra Biosystems Inc., Mountain View, California) and are as follows: females (3.0 to 7.4 nMol DPD/mMol Creatinine) and males (2.3 to 5.4 nM DPD/mMol Creatinine).
The Pyrilinks-D kit (Metra Biosystems Inc.) measures free DPD cross links in urine using competitive immunoassay in a microtitre plate format, using a monoclonal anti-D-Pyr antibody coated on the plate, to capture the DPD. The DPD results were read using the biorad microplate reader model Siemens Immulite 2000 XPi (Siemens, Munich, Germany) (coefficient of variation 9.5% at 98.8 nmol/l, 17.5% at 23.0 nmol/l) and corrected for urinary concentration by creatinine measured using a standard colorimetric method (coefficient of variation 8%).
The second urine void sample of the day was collected from study subjects during the pre-operative period and placed in a dark sterile plastic container and stored at < 20°C until the assay was processed. The second urinary void was chosen to standardise collection, as DPD has significant circadian variation with higher levels excreted at night than during the day.
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Statistical analysis. Statistical analysis was carried out using SAS v9.2 (SAS Institute Inc., Cary, North Carolina) and R (R Foundation for Statistical Computing, Vienna, Austria). Appropriate summary statistics were used to describe the data, depending on whether it showed evidence of approximate normal distribution. Nonparametric summary measures for the DPD/Creatinine ratio were presented, due to evidence of a right-skewed distribution for this variable. Comparisons between groups were made using t-tests except for DPD/Creatinine ratio, for which the Mann-Whitney U test was used. Pearson's rank correlation test was used to assess the linear correalation between DPD/Creatinine levels and hip T-scores. All tests were two-sided, with a 5% significance level.
Results
Between February 2011 and April 2012, 194 patients were recruited to the study. Of these, 104 were listed for primary THR, 23 for revision THR, 61 for primary TKR and six for revision TKR. Table I shows the demographics for the study group and each operative subgroup. There were 120 women and 74 men with a mean age of 68.3 years (SD 9.8). BMI data were available in 119 patients, with a mean BMI of 31.1 kg/m 2 (SD 6.4). Indications for primary and revision surgery are displayed in Table II . Osteoarthritis was the most common indication for primary surgery and aseptic loosening was the predominant indication for revision surgery (Table II) .
Of the 194 patients, DEXA scans of both the hip and lumbar spine were performed on 143. A total of 32 patients underwent only spinal DEXA scan. Hip DEXA scans were unavailable in 28 of these patients as a result of having contralateral prostheses (making normal mode hip DEXA impossible) and four were not able to position appropriately for scanning. The remaining 19 patients had neither a hip nor spinal DEXA scan as they declined the investigation, but were included in the study as they gave urinary DPD samples.
The T-score for the hip was found to be normally distributed through the study population (Fig. 1) . The mean T-score was -0.34 (SD 1.23) for the total hip and 0.03 (SD 1.79) for the lumbar spine, both of which were within the normal range (> -1.0) ( Table III) . The cohort's mean hip Z-score and mean spine Z-score were positive at 0.87 (SD 1.17) and 1.52 (SD 1.66), respectively. Further- * comprising developmental dysplasia of the hip (n = 3), slipped upper femoral epiphysis (n = 2), Perthes (n = 1) and acetabular fracture (n = 2)
Hip T-Score Histogram showing the distribution of total hip T-scores (n = 143) more, the mean T-and Z-scores were within normal limits in each procedural subgroup. There was no significant difference between the mean hip T-scores of those awaiting primary THR versus revision THR (p = 0.58, unpaired t-test) or between primary TKR versus revision TKR (p = 0.14, unpaired t-test) ( Table III) . Prevalence of osteoporosis (T-score ≤ 2.5) among the cohort was low (Table IV) . The rate of DEXA proven osteoporosis was 2.8% (4 of 143) for the hip, 6.9% (12 of 175) for the spine and 8.4% (12 of 143) for either the hip or spine. The rate of osteopenia (T-score from -1.0 to -2.5) was much higher however, with 42% (60 of 143) having osteoporosis or osteopenia of either the hip or the spine. Of those with DEXA-defined osteoporosis (hip or spinal), only five of 12 (42%) were on bisphosphonate therapy.
Urinary DPD analysis was performed in 190 subjects. Four subjects did not provide a urine sample. The results are displayed in Table V . Median DPD/Creatinine was raised in males at 6.2 nMol/mMol (interquartile range (IQR) 4.8 to 7.5) compared with the normal range (reference range 2.3 to 5.4) and also in females at 8.1 nMol/mMol (IQR 6.6 to 9.9; reference range 3.0 to 7.4). The histogram of DPD/Creatinine (Fig. 2) shows that the distribution is skewed to the right. DPD/creatinine ratio was raised above the upper bound of the reference Histogram showing the distribution of deoxypyridinoline (DPD)/ creatinine ratios (n = 190) range in 54.2% (103 of 190) of the study population, and more than twice the upper bound in 5.7% (11 of 190) of the study population. In females, median DPD/Creatinine was higher in the revision THR group than the THR group (9.2 vs 7.9), although this did not reach significance (p = 0.056, Mann-Whitney U test). There was no difference in males between the revision THR and THR groups (p = 0.73, Mann-Whitney U test). Correlations between the continuous variables, hip T-score and DPD/creatinine, were assessed using Pearson's rank correlation. Pearson's test showed a very weak negative correlation between Hip T-score and DPD/creatinine (rho = -0.136, p = 0.11).
Discussion
In this unique cohort we have shown that the prevalence of DEXA-defined osteoporosis amongst hip and knee arthroplasty patients is low, but that 42% of patients have osteopenia or osteoporosis in either the hip or spine. We have shown that median DPD/creatinine ratios are raised above normal ranges in both males and females, and that there is large variation in DPD/creatinine ratios, with abnormally raised levels in over 54% of patients. Of those patients with DEXA-defined osteoporosis, fewer than half were on bisphosphonate therapy. 20 The authors acknowledge two limitations of the study. Firstly, the small size of the revision knee subgroup limits the reliability of the data for this subgroup and the conclusions and comparisons which can be drawn from the data. Secondly, instances of selection bias occurred during data collection, the effects of which are considered further below.
Only 2.8% (4 of 143) of the study cohort who underwent hip DEXA scanning had hip osteoporosis defined by a total hip T-score ≤ -2.5. Two of these patients were on bisphosphonate therapy. Of the remaining 14 patients on bisphosphonate therapy, five had hip T-scores which did not meet the threshold for osteoporosis (> -2.5), and nine did not undergo the hip DEXA scan (declined or bilateral hip prostheses in situ). If the assumption is made that all patients on bisphosphonate therapy had hip osteoporosis prior to treatment initiation (which is neither a requirement nor likely), the overall prevalence of hip osteoporosis may be up to 9.3% (18 of 194). This prevalence is lower than in the general population of a similar age. Kanis and Johnell 21 estimated the prevalence of femoral neck osteoporosis in the Swedish population aged between 65 and 69 years to be 7.4% in males and 20.2% in females. Given that our study population was 64% female with a mean age of 66.7 years, one could expect a prevalence of hip osteoporosis of around 15.6%, based on the estimates of Kanis and Johnell. 21 BMD in the study cohort was found to be normally distributed. The mean hip T-score was within normal limits. Mean Z-score was positive, which indicates that hip and knee arthroplasty patients have, on average, higher BMD compared with the general population of a similar age.
Standard deviations are large however, indicating a broad range of results.
The prevalence of spinal osteoporosis in the cohort was higher than total hip osteoporosis (6.9% vs 2.8%). It could be argued that even in the contralateral side, an arthritic process at the head of the femur could cause a local increase in BMD in the neck and trochanteric region of the femur, and is therefore misrepresentative of the skeletal bone mineral density as a whole. However, the fact that the mean hip T-score was lower in the THR than the TKR group, contradicts this argument.
The mean DPD/Creatinine levels for the study group were raised in men, and 54% of the study population had raised DPD/creatinine ratios, while nearly 6% had more than twice normal ratios. This suggests abnormal bone turnover and raised resorption in a large proportion of arthroplasty patients. Furthermore, since bisphosphonate therapy is known to reduce DPD/creatinine levels significantly, and no adjustment was made for this, our results may underestimate abnormal bone resorption.
In post-menopausal women, resorption markers have been shown to predict the degree of bone loss. 22 Ross and Knowlton 22 monitored post-menopausal women for 13 years, and found that baseline markers of bone resorption (including DPD) were significant predictors of the rate of bone loss. They also found that the odds of rapid bone loss increased 1.8-to two-fold with each standard deviation increase in DPD. 22 Arthroplasty patients with raised DPD/Creatinine may therefore be at a higher risk of peri-prosthetic bone loss and aseptic loosening. However, our results did not show a strong negative correlation between DPD/Creatinine and baseline hip T-scores.
The results did not show a significant difference between the hip T-scores or DPD/creatinine ratios of those awaiting primary compared with revision surgery. This might suggest that osteoporosis is not a major contributory factor to arthroplasty failure and the need for revision surgery. However, the small numbers in the revision group may have resulted in a type II error. Furthermore, bilateral prostheses precluded 52% (12 of 23) of revision THR patients from having hip DEXA scans, introducing selection bias.
This research has provided important information into the baseline bone quality of arthroplasty patients. Further work is now required to determine the significance of BMD and/or DPD on arthroplasty outcome, and whether these parameters should be routinely measured prior to surgery.
